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Modification of the biodegradable plastics PHA and the effects on its 
physical properties 
 
Abstract 
                    
In this research, we aimed at blending poly(3-hydroxybutyric 
acid-co-hydroxyvaleric acid) (PHBV) or poly(3-hydroxybutyric acid) (PHB) with 
poly(ε-caprolactone) (PCL), poly(ethylene oxide) (PEO), respectively by melt mixing 
and solution mixing to obtain materials with better physical properties and  
processability. Their structures (morphology) were characterized by the scanning 
electron microscopy.  
Thermal degradation behavior and dynamic mechanical properties of composites 
were analyzed by thermal gravimetric analysis and dynamic mechanical analysis, the 
glass transition temperature Tg and the degree of crystallization of the blends were 
observed by differential scanning calorimetry. The results indicated that the blends of 
PHBV/PCL and PHB/PCL are incompatible , whereas PHBV/PEO is partially 
compatible. The rheological properties were measured by using a plate-plate 
rheometer, and the tensile strength was measured with a tensile tester. To sum up, it 
seems to be possible to improve the thermal, mechanical properties and the 
processability of PHA by blend with another biodegradable polymer PCL or PEO. 
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????(Continuous Phase)??????????????????
??????4?????(foam)????????????????
?????????????????????????????
??????????????????????????????
?????????(polymer blends)??????????????
?????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
???5???????????????????????????
??????????????? 
?????????????Polyhydroxybutyrate(PHB)???
????Polyhydroxybutyrate-co-hydroxyvalerate (PHBV) ?????
?-????????????????????????????
?PHBV/ Poly(?-carolactone)(PCL)?PHB/PCL?????????
????????????????? 
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1.2???? 
PHAs(Polyhydroxyalkanoates)???????????????
????????????????? PHA ??????????
??????????????????????????????
??????????????????????????? 
??????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
???????6?? 
(1) ????(impact resistance) 
(2) ???(weather resistance) 
(3) ???(processibility) 
(4) ??????(chemical resistance) 
(5) ???(gas permeability) 
(6) ????(thermal stability) 
(7) ??? (transparency) 
???? PHAs?? PHB? PHBV?????? PHB????
??????????????????????????????
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PHBV???????????????????????????
??????? PHB???? PHB? PHBV??????????
????????,????????????????????
?7-9????????????????????? PHBV/PCL?
PHB/PCL?PHBV/PEO????????????????????
?????????????? 
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???????? 
2.1????????? 
???????????????????????????
?????????????????????????????
?????????????????????????????
??????????????????????????????
?????10-11? 
(1) ???(miscible)????? 
(2) ?????(partially miscible)????? 
(3) ????(immiscible)????? 
??????????????????????????????
??????????????????????????????
???????12?? 
(1) ???????????????? 
(2) ??????????????? 
(3) ?????????????? 
(4) ??????????????? 
(5) ???????????????? 
???????????????????????????
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?????????????????????????? 
2.2?????????? 
????????????????????????????
??????????????????????????????
??????????????????????????????
???????????? 
(1) ???????(mechanical melt blending) 
????????????????????????????
??????????????(extruder)????(compounder)? 
???(internal mixter)????(kneader)????(roll miller) 
?????????????????????????????
?????????????????????????? 
?????????????????????????? 
?????????????????????????? 
???????????????? 
(2) ???????(mechanical chemical blending) 
????????????????????????????
??????????????????????????????
????? ????(polyesters) ???????????? 
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(transesterification)??? 
(3) ????(solution blending) 
????????????????????????????
??????(powder)????????????????????
??????????????????????????????
??????????????????????????????
????????? 
(4) ????(latex blending) 
?????????????????????????????
?????????? 
2.3?????????? 
?????????????????????????? 
???????????????????????????? 
???????????????????????????? 
???????????????????????????? 
????????????????????????13?? 
(1) ????? 
1. ???????????(light scattering) 
2. ?????? 
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a. ?????DSC?DTA?TMA?TOA 
b. ??????(DMA) 
c. ??????(DEA) 
d. ??????? 
3. ?????? 
a. ???(phase contrast) 
b. ?????(SEM?TEM) 
4. ?????????(diffusion?permeability) 
5. ???????(excimer fluorescence) 
6. ?????(rheological response) 
(2) ?????? 
1. ?????(NMR) 
2. ??????????(1)?? 
(3) ?????(thermodynamics parameters) 
1. ?????????(inverse GC) 
2. ?????(vapor sorption) 
3. ?????(neutron scattering) 
4. ????? 
5. ????? 
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6. ??????(polymer 1 + polymer 2 + solvent) 
(4) ????? 
1. ?????(POM) 
2. ???X ???(SAXS) 
???????????????????????????? 
???????NMR??????????POM????????
???????????????????????????? 
2.4??????????????? 
1988?M. Avella…???14?????PHB/PEO??????
?????????DSC???????PHB/PEO???????
???PHB?????(Tc)??PEO?????????????
phase crystallinity of PEO????PHB?????????????
phase crystallinity of PHB??????????POM???PHB?
PEO???????????? 
1989?P. Greco…???15???? PHB/PVAc?PHB/EPR??
?????????????????PHB/PVAc????????
?PHB/EPR???????????????????crystallinity of 
PHB phase?????PVAc?EPR?????????????
overall blend crystallinity(Xc(blend))?????PVAc?EPR????
 21
?????? 
1993?N. Lotti…???16????DSC?????PHB/PMMA
?PHB/poly(cyclohexyl methacrylate)(PCHMA)??????????
?PHB/PMMA????PHB????30%????????????
???30%????????????PHB/PCHMA???????
????????? 
1993 ? E. D. Paglia ? ? ? 17 ? ? ? ? PHB/ 
poly(epichlorohydrin)(PECH)???????????DSC??
PHB/PECH?????????????Tg???????Fox 
equation???????????? 
1994????…??? 18??????? PHB/PCL?
PHB/PCL-b-PEG???????????SEM??????PHB/PCL
??????????????????????????????
?PHB/PCL-b-PEG??????interlock????????????
????????????POM??????????PHB????
??PCL?????????????? 
1995?H. J. Choi…???19?????PHB/PEO??????
???????????SEM?????????????????
????????1988?M. Avella…????PHB/PEO?????
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??14??????????PHB??????????PEO???
PHB80/PEO20????????????????????????
???????PHB/PEO???????????????????
?PHB/PEO????????????? 
1998?P. Xing…?20??????PHB/P(VAc-co-VA)????
??????? DSC?????? PHB/P(VAc-co-VA9%)?
PHB/P(Vac-co-VA15%)??????????PHB/P(VAc-co-VA22%)
????????????PHB??????P(VAc-co-VA9)???
????????? 
1999?Mal-N. Kim???21????PHB/PEVA?PHB/PEO??
???????????????????? PHB/PEO?
PHB/poly(ethylene-co 85wt.% vinyl acetate)(EVA85)???????
????PHB/ poly(ethylene-co 70wt.% vinyl acetate)(EVA70)????
?????????????????PHB/PEVA85??????
?????PHB/PEVA85?????95/5??????????
15%???PHB ??60%?PHB/PEVA70??????????
30%??PHB/PEO??????????????????????
PEO???????? 
1999?J. Kim…???22????????????synthetic 
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biodegradable aliphatic polyester(BDP)?PECH???????DSC?
DMA?????????BDP/PECH?????????????
Tg??Tg??????????Fox-equation????SEM????
??????????????????????????
BDP/PECH??????? 
2000?T. K. Shin…???23??????????BDP/PVAc?
?????DSC???????BDP/PVAc???????????
??Tg??????SEM???????????????????
????BDP/PVAc????????????????????
PVAc?????????????????BDP??90%????
??????????? 
2001?X.Shuai…???24???? isotatic-PHB/PCL-b-PEG?
atactic-PHB/PCL-b-PEG???????????-caprolactone?PEG
? stannous(? ) octoate???????? 115? 24hr???
PCL-b-PEG ? ? ? ? ? ? ? ( ? ? ? ? ) ? ? PHB/PCL ?
PHB/PCL-b-PEG????DSC???????????Tg?????
atactic-PHB/PCL-b-PEG?Tg?PCL-b-PEG????????????
??PHB30/PCL-b-PEG70?Tg?0.6???-19??DMA ?????
????????atactic-PHB/PCL-b-PEG????????? 
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2002?M. J. K. Chee…???25?????????PHB/PEO?
PHB/PCL??????????????K?????Huggins 
equation??????Huggins coefficient(Kid)?????K????
??K?????K?0???????????K?0??????
?????????????PHB/PEO????K?0??????
???PHB/PCL?K?0???????????????????
??????? 
2.5??????? 
???????(Biodegradable Plastics)?????????????
?(Green Plastics)?????????(Bio-Polymer)??????1?? 
(1) ???????? 
(2) ???????????(????????????)?????
???????? 
(3) ????????????????????? 
(4) ???????????????? 
??????????????????????????: 
(1) ????????(ASTM)? 
(a) ????????????????????????? 
(b) ??????????????????????????
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???????????????????? 
(2) ?????????(BPS)? 
???????????????????????????
???????????? 
(3) ??????????????????? 
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
????????????????????????
?????????????????????26?? 
2.5.1????????? 
????????????????????????????
?????????????? 2-1??????????????
??????????????????????????????
???????????????????????????????
??????????????????????????????
??????????????????????????????
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????????????????(carboxyl group)???????
????????-COOH ?-OH ???????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
?????????? 
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? 2-1 ??????? 
2.5.2????????? 
??????????????????(???)??????
?????????27-29???????????????????
?? 80 ??????????????????????????
??????????????????????????????
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90??????????? Novamont?????????????
Polycaprolactone ??????????????????????
??????????????????????????????
??????????? 
(1) ???????? 
    ??????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
????????????????????????? 
PHB?PHBV(Polyhydroxybutyrate-co-hydorxyvalerate)…?? 
(2) ????????? 
    ????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
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??????????????????????????????
???????????????????????????????
??????????????????????????????
1.??????????????????????????????
2.?????????????????????????????
???????????????????????
PCL(polycaprolactone)?PLA(polylactic acid)? PVA(polyvinyl alcohol)? 
(3) ????????? 
    ????????????????????????????
??????????????????????????????
??????????(????????)???????????
??????????????????????????????
???????????????????(reserve carbohydrates)?
??????????????????????????(chitin)
??????????????????????????????
??????????????????????????????
??????????????????????????? 
2.5.3 PHB? PHBV??? 
?????? PHB???????-???????? PHBV?
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? ? ? ? ? ? ? (Polyhydroxyalkanoates,PHA) ? ? ? ?
Polyhydroxyalkanoates(PHA)?? C?H?O???????????
??? hydroxyalkanoates(HAs)???? carboxyl group ??????
?? hydroxyl group? ester bond????? R configuration????
???? C-3??-position? alkyl group????????????
???????30-34???? R group?????????????
????????? 
??????? 3 ? 5 ? PHA??? short-chain-length 
PHA(HASCL)??????? 6? 16? PHA???medium-chain-length 
PHA(HAMCL)??????? 17? 18? PHA??? long-chain-length 
PHA(HALCL)?35?? 
PHA???????? 
 
? R=??(methyl)?????????????????(poly-?
-hydroxybutyrate)?R=??(ethyl)???????????????
??(poly-?-hydroxyvalerate)?R=???(n-propyl)????????
????????(poly-?-hydroxycaproate)?R=???(n-butyl)??
???????????????(poly-?-hydroxyheptanoate)???
???36?? 
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Polyhydroxybutyrate(PHB)??????? 1926 ???????
???????????????????????37??PHB??
Polyhydroxyalkanoates(PHA)??????????????????
????? PHB ??????????????????????
????????????? PHB?? Azotobacter vinelandil 
UED(Page and Knosp 1989)??? PHB?????????????
??????????????????????? 
PHB??????????? 23000~25000? 3-hydroxybutyric 
acid????????PHB?????????? 
 
 
? PHB ????????????????????????? 
0.596 nm????????????? 55~80%?????????
?(polypropylene)???Tm?? 180??PHB??????????
?????? ICI??????????????????????
?????????????????? 
Polyhydroxybutyrate-co-hydroxyvalerate (PHBV) ??????-
????????? hydroxybutyrate(HB)? hydroxyvalerate(HV)??
???????????(Polyhydroxyalkanoates,PHA)????PHBV
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??????????????????????????????
?????PHBV??????????????????????
????38?????????? PHBV??HV???? 0~90mole%
?39???????????(PHV)?1993??Steinbuchel et. al.??
?????????? Chromobacterium violaceum ???????
? PHV?40??? PHBV???????????????????
???????(?-butyrolactone, BL)?????(?-valerolactone, VL)
????? triethylalumium/water(AlEt3/H2O)??????????
??41??PHBV?????? 
 
PHBV? PHB???????????? PHBV?????????
? PHB?????? PHBV???? PHB??????? HV??
?????????????????42?? 
PHBV ?????????????????????43???
?? -???? (? -hydroxybutyric acid)?? -???? (?
-hydroxyvalerate acid)?????????????????????
?44??? HV ?????????????????? pH ???
???? PHBV?????? 
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PHBV ?????????????????????65???
Gogolewski??? PHBV??????? LPLA???64?? PHBV
??????????????????????????????
????????(fibrous capsule)??????????(collagen 
fibers)???????????????????????(collagen 
fibers)???????????????????????????
????????????? PHBV????????????? 
2.5.4?????????????? 
????????????????????????????
??????? 
1.????????(?????): 
?:???????????????????? 
2.???????: 
?:?????????????????? 
3.?????????: 
?:???????????? 
4.???????: 
?:??????????????. 
5.???????????: 
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?:?????????????? 
6.???????????? 
  ??????????????????? 
??????????????????????????????
???? 
1.???: 
??????????(??????????????)?????
?????????????????????????????
????????????? 20~45??????? 90???? 
2.?????: 
??????????????????????????????
??????????????????????????????
?? 4??? 
3.?????: 
??????????????????????????????
???? 
????????????????????????????
??????????? 
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??? 1993???? PE?PS?PP?????? 900??????
??????????????? 90?????????????
?? 17~20 ????????? 
1997 ????????????????????????(???
?)? 
2000 ????????????????????(??:????
???????????????????????)? 
????????????????(???????)?????
??????????????????????? 
??????????????????????????????
??????????????????????????????
??? 
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???????? 
3.1????????? 
???????????????????????????
?????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????-???(dipole-dipole force)????????????
?????????46-47??????????????????? 
(1) ???(miscible)?????? 
?????????????(?Hmix?0)???????? 
???????????(entanglement)??????????? 
??????????(molecular scale)??????????? 
?????PHB/PEO??????????????14?19?25??
???????????????????Tg ?????????
?????????????????????????? 
?????Tg ????????????Flory-Fox ???????
??Fox ????????? 
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2
2
1
11
ggg T
W
T
W
T
+=                                    (3-1) 
??Tg ????????????????? 
Tgi???1?2 ???????? 
Wi???1?2 ???????? 
(2) ?????(partially miscible)????? 
??????????????????????????? 
?????????????????????????????? 
?????(molecular segment)??????????????? 
??????????????????????????????
PHB/PMMA?PHB????30%?????????????PHB
????30%????????16?? 
(3) ????(immiscible)????? 
???????????????????????????
???????????????????(?)?????????
??????????????PHB/PCL?????????48??
????????????????????(toughness)?????
?(tensile)?????????????????????????
??????????????????????????????
??????????????????????????????
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???????????????49?????????? 
????????????????????????3-1 ?
???????????????????????????3-1(a)
??????????????????????????????
??????????????????????????????
???????3-1(c)????????????????????
?????????????????????????????
?????????? 
 
? 3-1 ???????(??????????)??????? 
???(A)????(B)?????(C)?????? 
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3.2 ??????????50? 
???????????????????????????? 
?????????????????????????????? 
(free energy of mixing)??? 
mixmixmix STHG ∆−∆=∆                                       (3-2)
?? mixG∆ ??????(Gibbs free energy of mixing) 
mixH∆ ????(Enthalpy of mixing) 
mixS∆ ??????(Entropy of mixing) 
??????????????????????????????
???? 
           0≤∆ mixG                                    (3-3) 
           0
,
2
2
>



∂
∆∂
PTi
mixG
φ                                (3-4) 
?? iφ ??????????? 
???????????????Gmix??Flory-Huggins equation?
?? 
)lnln( 21122
2
2
1
1
1 φφχφφφφ ++=∆
mmV
V
RT
G
r
mix                      (3-5) 
??(3-2)???? 
)lnln( 2
2
2
1
1
1 φφφφ
mmV
V
R
S
r
mix +=
∆                                (3-6) 
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2112 φφχ
r
mix
V
V
RT
H
=
∆
                                          (3-7) 
??V??????? 
    rV ???(segment)?mole ?? 
    iφ ????i????? 
    im ?????????i ???? 
    12χ ???????(interaction parameters) 
    R????? 
    T????? 
????????? 
2
2112 ))(( δδχ −= RT
Vr                             (3-8)
12χ ????????δ?????? 
?????????m1?m2?????????? mixS∆ ??????
? δ ?????? 12χ ??????? 0>∆ mixH ???????
0>∆ mixG ??????????????????????????
??????????????????????????????
???????????????? 
(3-7)????????(dispersion force)???????????
??????????????????????????????
??????????????????????????????
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?????????????? mixH∆ ????????????
0<∆ mixG ?????????? 
3.3????? 
????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????? γησ &0= ???????
??????????????????????????????
????????????? γσ &G= ?????????????
????? 
???????????????????????????
??????????????????????????????
??????????????????(?????)??????
??????????????????????????????
??????51?? 
3.3.1???????? 
????????????????????????????
????????????????????????(?????
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????????????????????)?????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????? 
?????????????????????(rule of mix)??
?????????????(?????)?52??????????
??????????????????????????????
????????????????(???????????)??
??????????????????????????????
??????????(?????????????)??????
??????????????????52-54?????????
?????(relative viscosity)?55???????????????
?????????????????? 
C.D. HAN?47??????????????????????
???G’?G” ???G’vs.G”?cole-cole plot??????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
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???????C. D. HAN??????????????????
??????????????????????????????
?????????????????? 
? C. D. Han????????????????????? 3-2
?56?? 
?. (?? a)?????????????????????????
??(droplet) ??????????? 
?. (?? b)????????? S ??????????????
????????????(phase inversion)???? 
?. (?? c)????????????????????????
(threadlike fibrils)??????????? 
?. (?? d)????????????????????????
?????????????(interlocked)?????? 
 44
 
? 3-2 ????????????(a) ????????? (b) ?
????? S??? (c) ??????? (d) ??????? 
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?????? 
4.1???? 
1. ?????-????????  
Poly(3-hydroxybutyric acid-co-hydroxyvaleric acid)PHV content 
8wt% 
???ALDRICH 
???mp=162??Mw=600,000g/mol?Mn=160,000 g/mol 
???? 
   
2. ??????                   
Poly(3-hydroxybutyric acid) 
  ???ALDRICH 
  ???mp=172? 
  ???? 
3. ????Poly(?-caprolactone)   
  ???ALDRICH 
  ???mp=60??Tg=-60??Mn=80,000 g/mol 
  ????        
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4. ???? Poly(ethylene oxide) 
???ALDRICH 
???mp=60??Tg=-60? 
???? 
 
5. ??(chloroform) 
   ???TEDIA 
   ????????????bp=61.2?????=119.5g/mol 
   ????CHCl3 
6. ????(Tetrahydrofuran) 
???J. T. Baker 
   ????????????flash point=-14?????=72.11g/mol 
   ????C4H8O 
4.2???? 
1. ????  
???Risen CO., LTD. 
???RUD-30 
???????????????????????? 
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2. ?????  
??????????? 
???HT-8122B 
3. ???(Brabender?Mixer) 
???Brabender Co. Plasti-Corder PL-2100-6 W50HT 
4. ??????? (plate-and-plate rheometer)  
???Paar Physica (??) 
???Physica Rheolab MC-100????EMK A-500? 
????MP30 
????? 
5. ???????(Thermal Gravimetric Analysis?TGA) 
???TA Instruments 
???Hi-Res TGA 2950 
????? 
6. ???????(Dynamic Mechanical Analysis?DMA) 
???TA Instruments 
???DMA2980 
????? 
7. ??????????(Differential Scanning Calorimetry?DSC) 
????? 
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???2920 modulated dsc 
????? 
8. ??????????? (Field Emission Scaning Electron 
Microscopy) 
???LEO(??) 
???LEO 1530 
??????? 
9. ????? 
???Dachang(????) 
???QC-2700s 
????? 
10. ????????(Gel Permeation Chromatography?GPC) 
????????(Waters) 
???Waters2414 for Detector 
??????? 
11. ????????(Gel Permeation Chromatography?GPC) 
????????(Waters) 
???Water 2410 
??????? 
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4.3PHB(V)?????? 
4.3.1 PHB(V)??????? 
1??PHBV?PHB?PEO?PCL…????????????????
?????45?????24??????????????? 
2??????? 
??????????????????????(g)??50g?
?????????????????????????????
??PHBV/PCL?PHB/PCL?PHBV/PEO?100/0?70/30?50/50?30/70
?0/100?????????4-1????????????? 
??? 80 rpm???? 15 min????PHBV/PCL?PHBV/PEO?
165??PHB/PCL?175?? 
3?????? 
??????????????????????(g)????
?????????????????????(80?)??????
?????????????????????????????? 
 
4.4??????? 
??? PHB(V)???????????????????
PHBV/PCL?PHB/PCL? PHBV/PEO??????? SEM????
??????????TGA ????????????????
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??????????(Td)?DMA ??????????????
???? tanδ ???????????????????????
?????????????????????????tanδ???
????????????????? Tg?DSC??????? Tg?
?????????????????? Tm??????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
???(Tensile strength)??????(Elongation at break)? 
¾ ????????(SEM) 
??????????????????????????????
?????????????????????? 
???????????(THF)? 50??????????????
?? PCL? PEO? 
?????????????????????????????? 
???? SEM???? 
¾ ??????(TGA) 
????(? 9-11??)?????????????????? 
?10 oC/min??????? 600 oC????????????? 
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¾ ??????(DMA) 
?? 35mm×5mm×1mm ???????????????????
????????????????? 
?5 oC /min????? 1Hz??-100??? 150oC????????
????? 
 
¾ ?????????(DSC) 
??????????????????????????????
???? 5-10????? DSC???? 
???????????? 20?/min ??????????? 200
????? 2min??????????-100????? 3min??
?? 10?/min?????? 60???????????????
Tm??Hf????????? Tg? 
 
¾ ???????????? 
???????????????? 90-150?m?????????
?????(dogbone)?????? 10cm?? 2.2cm??????
???? 2.4cm?? 0.7cm? 
?? dogbone????????????????????????
?????????? 
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¾ ??????? 
???????????? 25mm???? 1.0mm ???????
????????????????????? 50Kgf/cm2???
???? 10??? 
?????????????????????????????? 
z ????(amplitude sweep) 
??????????????????????????
????PHBV/clay??????????(?)10(1/s)?????
? 1~10(%)?PHB(V)??????????????(?)100(1/s)
?????? 1~10(%)??????????? G’??????
??? 
z ????(frequency sweep) 
??????????????????????????
????PHBV/clay ???????? 10(1/s)??? 0.01(1/s)?
PHB(V)???????????? 100(1/s)??? 0.01(1/s)??
????????? G’? G”????(?)????? 
z ????(Time Sweep) 
????? 100(1/s)???????????(2%)????
60min ? G’????????????????????????
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?????????????????????????? 
z ??????(Steady shear viscosity) 
???????? CSR(control shear rate)???????????
??????? 0.01?4(1/s)????????????????? 
¾ Gel Permeation Chromatography(GPC) 
??????? 3wt.%???????PHBV???????PEO
???? THF??????????? 40-50ml?? GPC??30min
???????? 
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? 4-1 PHB(V)???????????? 
 
 
PHBV PHB PCL PEO 
??????? 45??24hr????? 
???????????????????PHBV/PCL?
PHBV/PEO?PHB/PCL????????? 
????????????? 
SEM TGA DMA Rheology 
Test
DSC Tensile 
Test
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????????? 
?????????? (?????? )????????
PHBV/PCL?PHBV/PEO?PHB/PCL(100/0?70/30?50/50?30/70?0/100)
???????????? PHBV/PEO ????????????
??????????????????????????? SEM
??????????????????? TGA????????
?????????? DMA ????????????????
Tg?????????? DSC???? Tg?Tm?????????
??????????????????????? 
5.1????????? 
??????????DSC?SEM?DMA?????????
?????PHBV/PCL?PHB/PCL?????????DSC????
??5-1~?5-2PHBV?Tg?-0.2??PCL?Tg?-66.4??PHB?Tg?1.8
?????????PHBV/PCL?PHB/PCL????????2?
Tg?????????Tg??????????PHB(V)?PCL???
??????????????PHBV/PCL?PHB/PCL??????
??????? SEM??????? 5-3?? 5-4????
PHBV70/PCL30?PHBV50/PCL50????????5-3??????
??PHBV??????PCL?????????????PHBV
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???5-4PHBV50/PCL50??????PHBV?????????
PHBV/PCL???50/50???5-4????PCL?????????
???????????DSC??????????PHBV/PCL??
????????? 5-5?? 5-6???? PHB70/PCL30?
PHB50/PCL50??????????????PHBV/PCL?????
??????????????PHB/PCL????PCL??????
????PHB/PCL??????PHBV/PCL???????????
????DMA?????5-7?5-8?tan????????????
PHBV/PCL?PHB/PCL????????2???Tg???Tg???
?????Tg???????PHBV/PCL?PHB/PCL ?????
???????????????PHBV/PCL?PHB/PCL?????
??????? 
PHBV/PEO??????DSC????????????
PHBV/PEO????????????????Tg????????
Tg ????(PHBV~-0.2??PEO~-55.6?)???????????
????Tg????????PHBV????Tg?????(?5-9)?
??????????????SEM???????5-10??5-11?
????????????PHBV70/PEO30?PHBV50/PEO50??
?????????5-12??5-13????????????
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PHBV70/PEO30?PHBV50/PEO50???????????????
?????????PHB(V)/PCL??????????????
PHBV/PEO??????????????5-10??5-12????
PHBV70/PEO30???????????????????????
????????DMA????5-14?PHBV/PEO?tan?????
???PHBV50/PEO50?PHBV30/PEO70????????????
???????PHBV70/PEO30????????????????
??????????PHBV/PEO???????????????
??DSC????????????DMA????????DSC?
????????????????? 
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 PHBV70/PCL30  
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 PHBV30/PCL70
 
 
 PCL
? 5-1???? PHBV/PCL?????????? Tg? 
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Temperature(oC)
 
 
 PHB70/PCL30
 
 
 PHB50/PCL50
 
 
 PHB30/PCL70
 
 
 PCL
? 5-2???? PHB/PCL?????????? Tg? 
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? 5-3 PHBV70/PCL30???? SEM (?5,000) 
 
 
 
? 5-4 PHBV50/PCL50???? SEM (?5,000) 
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? 5-5 PHB70/PCL30???? SEM (?1,000) 
 
 
 
? 5-6 PHB50/PCL50???? SEM (?500) 
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-100 -50 0 50
0.0
0.1
0.2
0.3
DMA(Tanδ v.s. Temperature)
 
 
 PHBV
 PHBV70%+PCL30%
 PHBV50%+PCL50%
 PHBV30%+PCL70%
 PCL
Ta
nδ
Temperature(oC)
 
? 5-7???? PHBV/PCL????? DMA? 
(Tan? v.s. Temperature) 
-100 -50 0 50
0.0
0.1
0.2
0.3
DMA(Tanδ v.s. Temperature)
 
 
 PHB
 PHB70%+PCL30%
 PHB50%+PCL50%
 PHB30%+PCL70%
 PCL
Ta
nδ
Temperature(oC)
 
? 5-8???? PHB/PCL????? DMA? 
(Tan? v.s. Temperature) 
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-80 -60 -40 -20 0 20
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 PHBV
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 PHBV50/PEO50
 
 
 
 
 PHBV30/PEO70
 
 
 
 
 PEO
 
? 5-9???? PHBV/PEO?????????? Tg? 
(solution blending)  
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? 5-10 ????????? PHBV70/PEO30???? SEM (?5,000) 
 
 
 
? 5-11????????? PHBV50/PEO50???? SEM (?5,000) 
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? 5-12???????? PHBV70/PEO30???? SEM (?20,000) 
 
 
? 5-13 ???????? PHBV50/PEO50???? SEM (?20,000) 
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-50 0 50
0.00
0.05
0.10
0.15
0.20
DMA(Tanδ v.s. Temperature)
 
 
 PHBV
 PHBV70%+PEO30%
 PHBV50%+PEO50%
 PHBV30%+PEO70%
 PEO
Ta
n 
δ
Temperature(oC)
 
? 5-14???? PHBV/PEO????? DMA? 
(Tan? v.s. Temperature) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 67
5.2DSC????? 
? 5-15? PHBV/PCL??????????????????
????? PHBV/PCL?????? Tm????????????
?? PHBV/PCL ??????? Tm????????? Tm???
?????(?? 5-1)????????????????? 
??????????? 
)(
0
)(
)(,
VPHB
VPHB
VPHBc H
H
∆
∆
=χ    ?   
)(
0,
VPHB
blends
blendc H
H
∆
∆
=χ  
?? gJH VPHB /164)(0 =∆ ?57?? gJH PCL /1360 =∆ ?58?? gJH PEO /1880 =∆
?59?PHBV/ PCL?PHB/PCL????????(?? 5-1?? 5-2)?
??Hf,PHBV? 58.7 J/g?? 14.5J/g?? PHBV??????c,PHBV?
? 35.8%????? 29.5%?? c,PHBV ???????????
PHBV/PEO???PHBV/PCL?????????????????
??????????????? P. Greco..???15??? PHB/EPR
??????????????? 5-16? PHB/PCL???????
????????PHB/PCL ? PHB ??????c,PHB?? 54.3%?
??? 50.5%????????????? PHBV/PCL??????
???????? PHBV/PEO???????? 5-5? 5-6?????
????? PHBV/PEO???? Tm?? PHBV? Tm?? PEO??
?????????PEO? Tm????????????????
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?????14?22?..????????????c ????c,PHBV ?
???? PEO ???????????c,PEO?? PHBV ?????
????????? PHBV????? PEO????? PEO???
???????? PHBV ???????????(interlamellar 
amorphous regions)?M. Avella?14?..?????????????
?? 
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? 5-17???? PHBV/PEO?????????? DSC? 
(solution blending) 
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? 5-1???? PHBV/PCL? Tg?Tm??Hf 
 
Sample 
TgPHBV
(?) 
TgPCL
(?)
TmPHBV
(?) 
TmPCL
(?) 
?Hf,PHBV 
(J/g) 
?Hf,PCL
(J/g) 
PHBV -0.2 NA 158.5 NA 58.7 NA 
PHBV70%+PCL30% -0.6 -65.8 158.9 64.9 39.3 19.4 
PHBV50%+PCL50% -1 -67 158.1 65.6 26.9 33.2 
PHBV30%+PCL70% -1 -65.9 158.6 65.4 14.5 48.6 
PCL NA -66.4 NA 65.8 NA 70.8 
 
 
? 5-2???? PHBV/PCL???? 
Sample PHBV 
Xc, blend(%)
PCL 
Xc, blend(%)
PHBV 
Xc, PHBV(%) 
PCL 
Xc, PCL(%)
PHBV 35.8 NA 35.8 NA 
PHBV70%+PCL30% 24 14.3 34.2 47.5 
PHBV50%+PCL50% 16.4 24.4 32.8 48.8 
PHBV30%+PCL70% 8.9 35.7 29.5 51.1 
PCL NA 52.1 NA 52.1 
 
 
 
 
 72
 
 
 
 
? 5-3???? PHB/PCL? Tg?Tm??Hf 
 
Sample 
Tg,PHB
(?) 
Tg,PCL
(?) 
Tm,PHB
(?) 
Tm,PCL
(?) 
?Hf,PHB 
(J/g) 
?Hf,PCL
(J/g) 
PHB 1.8 NA 173 NA 79.2 NA 
PHB70%+PCL30% 1.3 -63.2 173.7 65.7 53.1 19.2 
PHB50%+PCL50% 0.7 -66.1 172.4 66.2 37.5 34.5 
PHB30%+PCL70% -1.6 -64.8 172.3 65.8 22.1 49.3 
PCL NA -66.4 NA 68.2 NA 70.8 
 
 
? 5-4???? PHB/PCL???? 
Sample PHB 
Xc, blend(%)
PCL 
Xc, blend(%)
PHB 
Xc, PHB(%) 
PCL 
XcPCL(%) 
PHB 54.3 NA 54.3 NA 
PHB70%+PCL30% 36.4 14.1 51.9 47.1 
PHB50%+PCL50% 25.6 24.4 51.3 48.9 
PHB30%+PCL70% 15.1 35.7 50.5 51.8 
PCL NA 52.1 NA 52.1 
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? 5-5???? PHBV/PEO? Tg?Tm??Hf 
 
Sample 
TgPHBV
(?) 
TgPEO
(?) 
TmPHBV
(?) 
TmPEO
(?) 
?HPHBV 
(J/g) 
?HPEO
(J/g) 
PHBV -0.2 NA 158.5 NA 59.9 NA 
PHBV70%+PEO30% -12.8 -12.8 157.4 60.7 44.5 19.5 
PHBV50%+PEO50% -12.4 -22.4 153.5 65.2 30.1 52.1 
PHBV30%+PEO70% -37.5 -37.5 149.5 67.73 17.2 87.3 
PEO NA -57.5 NA 68.68 NA 148.2 
 
 
? 5-6???? PHBV/PEO???? 
Sample PHBV 
Xc, blend(%)
PEO 
Xc, blend(%)
PHBV 
Xc, PHBV(%) 
PEO 
Xc, PEO(%)
PHBV 36.5 NA 36.5 NA 
PHBV70%+PEO30% 27.1 10.3 38.8 34.6 
PHBV50%+PEO50% 18.4 27.7 36.8 55.4 
PHBV30%+PEO70% 10.5 46.4 35 66.3 
PEO NA 78.7 NA 78.7 
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5.3?????????? 
????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
????? 
5.3.1????????? 
????????????????????????????
??????????????????????????????
??????????????????????????????
????????????? 5-18~? 5-20 ????? PHBV/PCL
????????????????????????? PHBV/PCL
??? 165?? 170?????????????????????
????? 175??????? PHBV/PCL???????????
?????????????????? PHBV30/PCL70 ????
?????????????????????????????
??? 5-21 ?? 5-22 ????? PHB/PCL ??????????
????????????? 175???????????? 180?
??????????????????????????????
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?????????????? PHB(V)???????????
???????????????????????? PHBV ??
?????? 170??PHB?? 175??? PCL? 180???????
?????? PHBV/PCL165?? PHB/PCL175?????????
?????????? 5-23 ? 5-24 ??????? PHBV/PEO ?
165????????????????????????????
???????? 5-25??? PEO??????????????
?????????????? PEO ?????????????
??????????????? 
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? 5-23???? PHBV/PEO?????? 165??????? 
(melt blending) 
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5.3.2??????????? 
????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????PHB(V)????????
????PEO???????????PHBV?PEO???????
??????????????????????????????
????? 
??????PHBV??????????????????5-7
???????PHBV(m.p.158?)???????165???15mins
????Mw???158,123g/mol?????PHBV????????
???165?????1hr?????????136,721 g/mol????
??????????????????????????????
?175?????1hr???????73,391 g/mol????????
175?????????????????????? 
?5-8??????PEO???????????PEO?????
???????Mw??74,413g/mol???80??????????
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??Mw?????73,944 g/mol????165?????1hr????
Mw????73,327 g/mol????165??????15mins?????
???65,066 g/mol????????? PEO??????????
??????????????????????5-32??????
??????????????????????????????
??????????????????????????????
??????????????????????????????
??????????????????????????????
?????????????????????????? 
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? 5-7 ??????? PHBV?????? 
Sample Mw(g/mol) Mn(g/mol) 
PHBV 
(powder?without any processing)
 
258,253 
 
121,112 
PHBV 
(165?melt blending 15min) 
 
158,123 
 
72,848 
PHBV 
(after 165?-time-sweep 1hr) 
 
136,721 
 
64,161 
PHBV 
(after 175?-time-sweep 1hr) 
 
73,391 
 
43,972 
 
? 5-8 ????? PEO?????? 
Sample Mw(g/mol) Mn(g/mol) 
PEO 
(powder?without any processing)
74,413 58,025 
PEO 
(80?solution blending 1day) 
73,944 56,669 
PEO 
(165?melt blending15min) 
 
65,066 
 
40,595 
PEO(solution) 
(after 165?-time-sweep 1hr) 
 
73,327 
 
54,391 
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5.3.3???? 
? 5-26~? 5-28????? PHBV/PCL?PHB/PCL? PHBV/PEO
?????????????????????100(1/s)?????
?? 1 ~ 10%?????????????(G’)????????
??????????????????????????????
??????????????????????? 
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? 5-27???? PHB/PCL?????????? 
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5.3.4???? 
?5-29~ 5-30??5-32~5-33???PHBV/PCL?PHB/PCL???
??????????????????????????????
??????????????????????????????
???????????????(rule of mix)??????????
?????Cole-Cole plot (logG’ vs. logG” )??5-31?5-34?????
??????????????????C.D. Han?47??????
????????????????????DSC??????5-35
??5-36?????????PHBV/PEO????????????
?PHBV70/PEO30?????????PHBV??????????
PEO???????PHBV?????PHBV??????????
???????????PHBV??????PHBV70/PEO30???
?????????????PEO???????????????
?????Cole-Cole plot (logG’ vs. logG” )??5-37??????
PHBV/PEO(70/30?50/50)??????PHBV????????
PHBV30/PEO70??????PEO?????C.D. Han????47?
???????????Cole-Cole plot(logG’ vs. logG” )?????
?????????????????????C.D. Han????
???????????????????????????? 
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? 5-30???? PHBV/PCL??????????(G” v.s. ?) 
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? 5-32???? PHB/PCL??????????(G’ v.s. ?) 
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? 5-34???? PHB/PCL????? Cole-Cole plot?(G’v.s.G”) 
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(solution blending) 
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? 5-36???? PHBV/PEO??????????(G” v.s. ?) 
(solution blending) 
 91
102 103 104 105 106
102
103
104
105
106
Cole-Cole plot(G' vs. G")
 
 
G
'(P
a)
G''(Pa)
T=165oC
 PHBV
 PHBV70%+PEO30%
 PHBV50%+PEO50%
 PHBV30%+PEO70%
 PEO
 
? 5-37???? PHBV/PEO????? Cole-Cole plot?(G’v.s.G”) 
(solution blending) 
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5.3.5??????????? 
????????????????????????????
(MI)????????????????????????????
???????(shear rate)??????????????????
?????????????????(shear thinning)??????
??????????????????????????????
???????????(disentanglement)? 
????????????????????????????
?????????????????????????????? 
?????????????????????????? 
5.3.5.1????????????? 
?5-38??5-39?PHBV/PCL?PHB/PCL??????????
???PHBV?PHB?????????????????????
???????????????PCL?????????????
????????????? PHBV?PHB???????????
??????????????????????????????
????????????????????????????PCL
??????????????????????5-40?5-41???
????PHBV/PEO?????????????????????
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?????PHBV/PEO???????????PEO???????
??????????????????????melt blending??
?????????PEO?PHBV???????????????
??????????????????????????????
???? 
???????????????????????????
??????????????????????????????
????????????????????????????? 
5.3.5.2????????????? 
????????????????????????????
??????????????????????????????
??????? 
?5-42??5-43???PHBV/PCL? PHB/PCL???????
PHB(V)??????????????????????????
??PHBV30/PCL70?PHB30/PCL70?????????????
???????PHBV?PHB???????PCL????????
??????????????????????????????
C. D. Han??????????????????????????
??????????????????????????????
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5-44??solution blending ??PHBV/PEO???????????
?PHBV??????????????????????????
??????????????????????????????
????????????????????? 
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? 5-39???? PHB/PCL??????????? 
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? 5-41???? PHBV/PEO??????????? 
(solution blending) 
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? 5-43PHB/PCL??????????? PHB????? 
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5.4TGA?????? 
?5-45??5-48?PHBV/PCL?PHB/PCL?PHBV/PEO????
?TGA????????10%????????????(Td)??
5-9~5-10?PHBV/PCL?PHB/PCL?????????(Td)?????
???PHBV Td?241??PHB?Td??243????5-45??5-46?
?????????????????????????PHBV?
PHB??????????PCL????????????????
???????????5-45??5-46?????????????
???PCL?????????????????????????
5-47?5-48?????????????????PHBV/PEO???
??TGA?????????????PHBV/PEO????????
????????????????PHBV?Td??????PEO?
Td? 
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? 5-48???? PHBV/PEO????? TGA? 
(solution blending) 
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? 5-9???? PHBV/PCL???????? Td 
 
Sample 
 
??? 
Td(?) 
 PHBV 243 
PHBV70/PCL30 249 
PHBV50PCL50 251 
PHBV30/PCL70 254 
PCL 356 
 
? 5-10???? PHB/PCL???????? Td 
 
Sample 
??? 
Td(?) 
PHB 245 
PHB70/PCL30 255 
PHB50PCL50 253 
PHB30/PCL70 264 
PCL 356 
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5.5 DMA???????? 
DMA ????????????????????????
?60???????????????? 
? 5-49?? 5-50???? PHBV/PCL? PHB/PCL?????
?????????????????????? PHBV/PCL ?
PHB/PCL?????????? 70/30? 50/50?????????
PHBV? PHB??????? 30/70?????? PCL??????
70/30? 50/50?????????PHB(V)???????????
??????? 30/70??PCL????????? 5-11? 5-12?
?????? PHBV/PCL? PHB/PCL? 25???????????
??????????PHBV/PCL? PHB/PCL?????????
??????????????????????????????
PHB(V)? PCL ???????????? 5-51 ????????
PHBV/PEO?????????? 70/30? 50/50????????
? PHBV?????????? PHBV?????????????
PHBV??????? PEO?????? PHBV????????
??????? 30/70 ???????? PEO ????????
PEO????????????? 5-13? PHBV/PEO? 25????
????????????? PHBV/PEO ??????????
 104
70/30? 50/50??PHBV? PEO??????????? 
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? 5-11PHBV/PCL??????
??? 25?? Storage modulus
?? 
? 5-12PHB/PCL??????
??? 25?? Storage modulus
??
Sample Storage modulus
(Mpa) 
 PHBV 3,103 
PHBV70/PCL30 2,096 
PHBV50PCL50 1,602 
PHBV30/PCL70 894 
PCL 454 
Sample Storage modulus
(Mpa) 
 PHB 3,670 
PHB70/PCL30 2,527 
PHB50PCL50 1,580 
PHB30/PCL70 1,067 
PCL 454 
 
 
? 5-13PHBV/PEO????????? 25?? Storage modulus??
(solution blending)
Sample Storage modulus
(Mpa) 
 PHBV 3,120 
PHBV70/PEO30 2,675 
PHBV50/PEO50 2,781 
PHBV30/PEO70 1,180 
PEO 978 
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5.6????????? 
????????????? PHBV/PCL? PHB/PCL ?
PHBV/PEO ??????????(Tensile Strength)??????
(Elongation at Break)? 
????????     
A
F
=σ  
?????????   
0L
L∆
=ε  
?? σ?????(Tensile Strength) 
     F?Deformation force 
 A?cross-sectional area of the gage region 
L∆ ?the change in sample gage length(L-L0) 
0L ?initial length 
??? PHBV??????? 
????? Deformation force ??? 4.285?5.023?4.856kgf???
???????? 97?111?106?m??? 0.7cm?????? L∆ ?
?? 0.3?0.3?0.4cm? 
Tensile Strength? 
⇒  MPa
m
N
mm
lbf
N
kgf
lbfkgf
89.611089.61
107.01097
4482.4205.2285.4
2
6
261 =×=×××
××
=
−−
σ  
⇒ MPa
m
N
mm
lbf
N
kgf
lbfkgf
41.631041.63
107.010111
4482.4205.2023.5
2
6
262 =×=×××
××
=
−−
σ  
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⇒ MPa
m
N
mm
lbf
N
kgf
lbfkgf
19.641019.64
107.010106
4482.4205.2856.4
2
6
263 =×=×××
××
=
−−
σ  
⇒?????? MPa16.63
3
19.6441.6389.61_
=
++
=σ  
Elongation at Break? 
⇒ %5.12%100
4.2
3.0
1 =×=ε  
⇒ %5.12%100
4.2
3.0
2 =×=ε  
⇒ %5.14%100
4.2
35.0
3 =×=ε  
⇒??????? %2.13
3
%5.14%5.12%5.12_
=
++
=ε  
???????? 5-14 ?? 5-15???????????? PHBV
?????(Tensile strength)? 63.16Mpa??????(Elongation at 
Break)?? 13.2%?? PCL?? 37.71MPa???????? 750%?
?????? PHBV/PCL ?????????????????
5-14????????????????? 5-52???????
PHBV/PCL ??????????? PCL ???????????
??????????????????????????
PHBV/PCL?????????? PHBV30/PCL70????????
????????? 250%????????? PCL???????
???????????? PHBV ??????????PHB ??
???? PHBV??? 71.17MPa?? 5-53? PHB/PCL?????
??????????? 5-52 ? 5-53 ???? PHB/PCL ????
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????????????? PHB50/PCL50??????????
????????? SEM ??????PHB/PCL ???????
PHBV/PCL????? PHB50/PCL50?????????????
?? PHB50/PCL50 ? Tensile strength ????????????
PHBV/PEO???????????? PEO???????????
????????? PEO ??????????????????
??????????????????????????
PHBV/PEO???????????????????(? 5-54)??
PHB(V)/PCL ????????????? PHBV ? PEO ????
????????????????????????????
PHB(V)/PCL????????????????????????
??? 12%~18%??(? 5-17)? 
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? 5-14???? PHBV/PCL??????????? 
????σ (Mpa)  
Sample 
 
??? ??? ??? 
??σ  
(MPa) 
????? 
ε (%) 
PHBV 61.89 63.41 64.19 63.16 13.2± 0.9 
PHBV70/PCL30 47.98 47.84 52.96 49.59 6.3± 1.5 
PHBV50/PCL50 38.59 40.98 40.18 39.92 15± 0 
PHBV30/PCL70 39.06 38.4 37.36 38.27 250± 9 
PCL 35.33 40.75 37.06 37.71 750± 113 
 
 
 
? 5-15???? PHB/PCL??????????? 
????σ (Mpa)  
Sample 
 
??? ??? ??? 
??σ  
(MPa) 
????? 
ε (%) 
PHB 67.03 68.24 66.88 67.38 8.3± 0 
PHB70/PCL30 44.6 40.73 42.73 42.69 8.3± 1.7 
PHB50/PCL50 24.21 27.45 24.4 25.35 11.1± 0.9 
PHB30/PCL70 34.22 36.79 34.3 35.1 63.2± 6.4 
PCL 35.33 40.75 37.06 37.71 750± 113 
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? 5-16???? PHBV/PEO???????????(melt blending) 
????σ (Mpa)  
Sample 
 
??? ??? ??? 
??σ  
(MPa) 
????? 
ε (%) 
PHBV 61.89 63.41 64.19 63.16 13.2± 0.9 
PHBV70/PEO30 28.4 28.8 27.65 28.28 12.5± 1 
PHBV50/PEO50 14.62 14.33 15.79 14.91 10.4± 0 
PHBV30/PEO70 12.09 13.59 12.88 12.85 12.5± 1 
PEO 13.7 12.5 13.2 13.1 10.4± 0.9 
 
 
 
? 5-17???? PHBV/PEO??????????? 
(solution blending) 
????σ (Mpa)  
Sample 
 
??? ??? ??? 
??σ  
(MPa) 
????? 
ε (%) 
PHBV 65.0 65.6 64.82 65.14 13.2± 0.9 
PHBV70/PEO30 52.5 54.1 53.2 53.3 16.7± 1 
PHBV50/PEO50 42.8 42.2 44.5 43.2 13.2± 0.9 
PHBV30/PEO70 36.3 35.5 37.9 36.6 12.5± 0 
PEO 27.5 25.9 28.3 27.2 17.4± 1 
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  Tensile strength for various compositions of PHBV/PCL 
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 Tensile strength for various compositions of PHBV/PEO 
            by solution blending
 Tensile strength for additivity rules
T
en
si
le
 S
tr
en
gt
h(
M
Pa
)
PHBV wt.%
 
? 5-54PHBV/PEO?????????? PHBV????? 
(solution blending) 
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????????? 
???????????? PHBV/PCL? PHB/PCL?????
???????????? PHBV/PEO?????? DSC?SEM?
?? DMA?????? PHBV/PCL? PHB/PCL????????
????PHBV/PEO ???????????????????
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